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,QWURGXFWLRQ
0RWLYDWLRQIRU$GDSWLYH6LJQDO&RQWURO
)LJLOOXVWUDWHVWKHVLJQDOFRQWUROSURFHVVZKLFKLOOXVWUDWHVWZRVXEVWDQWLYHRSSRUWXQLWLHVIRUIHHGEDFN
,QQHDUO\DOOWUDIILFVLJQDOGHSOR\PHQWVPRVWRIWKHIHHGEDFNRFFXUVRIIOLQHLQDVLPXODWLRQRUPRGHOLQJ
HQYLURQPHQWEDVHGXSRQVRPHH[SHFWHGWUDIILFFRXQWVRIWHQDFTXLUHGE\PDQXDOFRXQWVGXULQJVHOHFWHG
KRXUVRQDSDUWLFXODUGD\7KLVRIIOLQH IHHGEDFN LV VKRZQDV IHHGEDFN ORRS &RQWUROSDUDPHWHUVDUH
RIWHQGHSOR\HGWKDWDUHKLJKO\WXQHGWRWKHPRGHOHGWUDIILFGHPDQGFRQGLWLRQVRIWHQZLWKOLWWOHLQVLJKWDV
WRKRZWKHFRQWUROV\VWHPZLOOUHVSRQGWRQDWXUDOVWRFKDVWLFYDULDWLRQRIWUDIILFRUV\VWHPDWLFFKDQJHVLQ
WUDIILFGXHWRVSHFLDOHYHQWVRUZHDWKHUFRQGLWLRQV

$IWHUGHSOR\PHQWWKHLGHDOWUDIILFFRQWUROV\VWHPZLOOXVHV\VWHPSHUIRUPDQFHGDWDWRDGMXVWLPSRUWDQW
FRQWUROSDUDPHWHUV7KLVLVVKRZQDVIHHGEDFNORRSLQ)LJ7KHOHYHORIVRSKLVWLFDWLRQLQKHUHQWLQWKLV
SURFHVVYDULHVZLGHO\IURPRQHW\SHRIFRQWUROVWUDWHJ\WRWKHQH[W 0DQ\WUDIILFVLJQDOFRQWUROOHUVXVH
VRPHW\SHRIYHKLFOHGHWHFWLRQWRGHFLGHKRZDQGZKHQWRGLVSOD\VLJQDOLQGLFDWLRQVEDVHGRQDYDULHW\RI
SKDVHVZLWFKLQJ ORJLFV WKDW UDQJH IURP WUDGLWLRQDO YHKLFOH DFWXDWLRQ WRPDWKHPDWLFDOO\ IRUPDOL]HG UHDO
WLPH FRQWURO DOJRULWKPV 7UDIILFUHVSRQVLYH DQG WUDIILFDGDSWLYH FRQWURO V\VWHPV FDQ WKHQ FKDQJH WKH
VHWWLQJVWKDWFRQWUROSKDVHVZLWFKLQJEHKDYLRUDFFRUGLQJWRKLJKHURUGHUDOJRULWKPV



)LJ6WHSVDQGIHHGEDFNORRSVLQVLJQDOFRQWUROGHVLJQDQGGHSOR\PHQW

$GDSWLYH&RQWURO1RPHQFODWXUH
2YHUWKHSDVWIRXUGHFDGHVQXPHURXVDGDSWLYHV\VWHPVKDYHEHHQGHYHORSHGZRUOGZLGH6WHYDQRYLF
ZKLFKKDYHHPSOR\HGFRQFHSWVIURPWKH87&6JHQHUDWLRQVLQYDULRXVFRPELQDWLRQV+RZHYHUWKH
H[SHULHQFHZLWKDGDSWLYHWUDIILFFRQWUROLQWKH86KDVKLVWRULFDOO\EHHQWKDWWKHSURPLVHKDVRXWZHLJKHG
DFWXDO UHDOL]HGEHQHILWV²HVSHFLDOO\ IRU FRPSOH[PXOWLPRGDO V\VWHPV $OWKRXJK WKHUH DUH D YDULHW\RI
UHDVRQV IRU WKHVH FKDOOHQJHV SHUKDSVRQHRI WKHPRVW VLJQLILFDQW UHDVRQV IRUZHDN DFFHSWDQFH DQG XQ
UHDOL]HG EHQHILWV LV WKDW WKH DGDSWLYH WUDIILF FRQWUROPDUNHW KDV ODUJHO\ GHYHORSHG LQGHSHQGHQWO\ RI WKH
PXFK ODUJHU LQGXVWULDO FRQWURO VHFWRU LQ ERWK WKHRU\ DQG GLVWULEXWHG FRQWURO DUFKLWHFWXUH %XOORFN DQG
+HQGULFNVRQ%XOORFNDQG+HQGULFNVRQ

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7DEOH'HVFULSWLRQVRIFRQWUROJHQHUDWLRQVHQYLVLRQHGLQ8UEDQ7UDIILF&RQWURO6\VWHPVSURMHFW
87&6
*HQHUDWLRQ
'HVFULSWLRQ 7LPH6FDOH 7UDIILF&RQWURO6\VWHPV
+DQGERRNQDPH
 6\VWHPZLGHVHOHFWLRQRIORFDOFRQWUROOHUSDWWHUQVIURP
SUHYLRXVO\GHILQHGSDWWHUQVEDVHGRQPHDVXUHGYROXPHV
6WUDWHJLF ³WUDIILFDGMXVWHG´
 5HILQHPHQWRIORFDOFRQWUROOHUSDWWHUQVXVLQJRSWLPL]DWLRQ
SULQFLSOHVEDVHGRQSHUIRUPDQFHPHDVXUHPHQW
7DFWLFDO ³WUDIILFUHVSRQVLYH´
 ,QWHJUDWLRQRISKDVHVZLWFKLQJORJLFLQWRUHDOWLPHRSWLPL]DWLRQ
EDVHGRQUHDOWLPHWUDIILFVWDWHLQIRUPDWLRQ
2SHUDWLRQDO ³WUDIILFDGDSWLYH´


7KH FXUUHQWO\ DFFHSWHG YLVLRQ RI DGDSWLYH VLJQDO FRQWURO LQ WKH 8QLWHG 6WDWHV 86 ZDV KHDYLO\
LQIOXHQFHGE\WKH8UEDQ7UDIILF&RQWURO6\VWHP87&6SURMHFWFDUULHGRXWLQWKH86GXULQJWKHV
0DF*RZDQ DQG )XOOHUWRQ  LQFOXGLQJ D QRPHQFODWXUH GHVFULELQJ WKUHH ³JHQHUDWLRQV´ RI DGDSWLYH
FRQWURO 7KHVHDUHVXPPDUL]HGLQ7DEOH 7KLVQDPLQJVFKHPHKDVSHUVLVWHGWRWKHSUHVHQWGD\ZLWK
VRPHYDULDWLRQLQWHUPLQRORJ\LQWKH7UDIILF&RQWURO6\VWHPV+DQGERRN*RUGRQDQG7LJKH

,QUHWURVSHFWWKH87&6PRGHOLVDUDWKHUKHXULVWLFDSSURDFK7KHXQGHUO\LQJDVVXPSWLRQRIWKH87&6
QRPHQFODWXUHLVWKDWDGDSWLYHVLJQDOFRQWUROLVDQHYROXWLRQDU\GHYHORSPHQW+RZHYHUVXFFHVVLYHFRQWURO
JHQHUDWLRQVPLJKWQRWQHFHVVDULO\REVROHWHWKHSULRURQHV3DWWHUQUHILQHPHQW87&6RQDWDFWLFDOWLPH
VFDOH PD\ VWLOO EHQHILW IURP SDWWHUQ VHOHFWLRQ 87&6 RQ D VWUDWHJLF WLPH VFDOH  5HDOWLPH FRQWURO
87&6PLJKWHOLPLQDWHWKHFRQFHSWRIF\FOHRIIVHWVSOLWSDWWHUQVEXWLWVWLOOKDVWREHFRQILJXUHGDQG
WKHFRQILJXUDWLRQVPD\EHQHILW IURPWDFWLFDODQGVWUDWHJLF OHYHO UHILQHPHQWRUVHOHFWLRQ ,Q IDFWZLWKRXW
VHOIRSWLPL]DWLRQRIWKRVHSDUDPHWHUVUHDOWLPHFRQWUROLVQRWUHDOO\DGDSWLYHFRQWURO

$EHWWHUDSSURDFKZRXOGEH WRFRQVLGHUVWUDWHJLF WDFWLFDODQGRSHUDWLRQDOGHFLVLRQVDV WKUHHSDUDOOHO
SURFHVVHV6XFKDQDSSURDFKZRXOGDGDSWWRRSHUDWLRQDOVWRFKDVWLFYDULDWLRQVLQWUDIILFWKDWDUHUHOHYDQWWR
SKDVHVZLWFKLQJEXWDOVRV\VWHPDWLFPRYHPHQWVRIWUDIILFWKDWPXVWEHFRRUGLQDWHGWKURXJKDV\VWHPRQD
WDFWLFDOWLPHOLQHDVZHOODVORQJWHUPWUHQGVDIIHFWLQJVWUDWHJLFGHFLVLRQV

,QWURGXFLQJFRQWUROWKHRU\SULQFLSOHVDQGWHUPLQRORJ\FDQLPSURYHSUREOHPGHILQLWLRQDQGXOWLPDWHO\
LPSURYHG DSSURDFKHV WR WUDIILF FRQWURO)LJ GHVFULEHV VHYHUDO VFKHPHV IRU VLJQDO FRQWURO EDVHGXSRQ
FRQWUROWKHRU\WHUPLQRORJ\.XR,QHDFKSDUWRIWKLVILJXUHZHWUDFHWKHLQWHUDFWLRQRIWUDIILFZLWK
FRQWUROSDUDPHWHUV WRGHWHUPLQH WKHSHUIRUPDQFHRI WKH V\VWHPZLWKYDU\LQJFRQILJXUDWLRQVRIH[WHUQDO
HOHPHQWVXVHGWRGHILQHWKHFRQWUROSDUDPHWHUV
x )LJDUHSUHVHQWVRSHQORRSFRQWUROZKHUHFRQWUROSDUDPHWHUVDUHGHWHUPLQHGDSULRULDQGWKHV\VWHP
GRHVQRWSURYLGHDQ\IHHGEDFNWRGLUHFWO\LQIOXHQFHLWGXULQJUXQWLPH'HVSLWHWKHLPSOHPHQWDWLRQRI
³FORVHGORRS´V\VWHPVWKDWDUHFDSDEOHRIV\QFKURQL]LQJFORFNWLPHVWKLVLVKRZPDQ\VLJQDOV\VWHPV
DUHFXUUHQWO\RSHUDWHG
x )LJEVKRZVIHHGIRUZDUGFRQWUROZKHUHWUDIILFYROXPHVDUHPHDVXUHGDQGWKHQXVHGLQFRQMXQFWLRQ
ZLWKDFROOHFWLRQRIGHFLVLRQSDUDPHWHUVKHUHFDOOHG³SUHVHWV´WRGHWHUPLQHWKHFRQWUROSDUDPHWHUV
7KLVUHSUHVHQWVDNLQGRISUHGLFWLYHFRQWUROSROLF\+RZHYHUWKHUHLVQRGLUHFWPHDVXUHPHQWRIWKH
UHVXOWLQJSHUIRUPDQFHRIWKHTXDOLW\RIFRQWURO7UDIILFUHVSRQVLYHFRQWUROLVDQH[DPSOH
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x )LJFLOOXVWUDWHVIHHGEDFNFRQWUROZKHUHWKHWUDIILFSHUIRUPDQFHLVPHDVXUHGDQGXVHGWRGHWHUPLQH
WKHFRQWUROSDUDPHWHUV7KLVW\SHRIFRQWUROLVUHSUHVHQWDWLYHRIDGDSWLYHV\VWHPVWKDWPDNHGHFLVLRQV
EDVHGRQUHFHQWPHDVXUHPHQWVRIWUDIILFGHPDQG7KHDGDSWDWLRQSURFHVVLVUHDFWLYH0RVWSKDVH
VZLWFKLQJORJLFVDUHH[DPSOHVRIIHHGEDFNFRQWURORQDQRSHUDWLRQDOWLPHVFDOHRWKHUDGDSWLYHV\VWHPV
XSGDWHFRQWUROSDUDPHWHUVRQDWDFWLFDOWLPHVFDOH
x )LJGLOOXVWUDWHVIHHGEDFNIHHGIRUZDUGFRQWUROZKLFKOHYHUDJHVERWKSUHGLFWLYHDQGUHDFWLYHVWUHDPV
RILQIRUPDWLRQWRLQIOXHQFHWKHFRQWUROSDUDPHWHUGHFLVLRQSURFHVV7KLVW\SHRIV\VWHPZRXOGEHDEOH
WRSUHGLFWIXWXUHWUDIILFGHPDQGVWRVRPHGHJUHHWKHUHE\DVVLJQLQJFRQWUROSDUDPHWHUVSUHGLFWLYHO\EXW
ZKLOHDOVRUHILQLQJWKRVHSDUDPHWHUVWRFRUUHFWIRUYDULDQFHVWKDWDUHREVHUYHG7KLVEORFNGLDJUDP
DSSUR[LPDWHVWKHDUFKLWHFWXUHRIPDQ\DGDSWLYHFRQWUROV\VWHPV
x /DVWO\)LJHVKRZVRQHDGGLWLRQDOIHHGEDFNORRSWKDWLVVRPHWLPHVUHIHUUHGWRDVD³WLPHRIGD\
WXQLQJ´7KLVIHHGEDFNORRSLVEDVHGXSRQWKHSUHPLVHWKDWWUDIILFGHPDQGIROORZUHJXODUZHHNGD\DQG
ZHHNHQGVFKHGXOHVWKDWFDQEHWUDFNHGDQGWKHWLPHRIGD\IHHGIRUZDUGVFKHGXOHRISDUDPHWHUV
VKRXOGEHXSGDWHGRQDVWUDWHJLFWLPHOLQH

$OWKRXJKWKHLQGXVWULDOFRQWUROVHFWRUKDVZHOOGHILQHGFRQWURODUFKLWHFWXUHVWKHWUDIILFFRQWUROVHFWRU
KDVHYROYHGDORQJDPRUHKHXULVWLFRULHQWHGFRQWURODUFKLWHFWXUH%\VHSDUDWHO\FDWHJRUL]LQJWKHQDWXUHRI
DQ DGDSWLYH FRQWURO DOJRULWKP EDVHG RQ WKH IORZ RI LQIRUPDWLRQ DQG ZKHWKHU LW RFFXUV RQ D VWUDWHJLF
WDFWLFDORURSHUDWLRQDOWLPHOLQHZHFDQWUDQVFHQGWKHQRWLRQWKDWZHDUHUHTXLUHGWRVHOHFWRQHRIWKHWKUHH
DSSURDFKHV LQ7DEOH DQG LQVWHDG DSSURDFK WKHSUREOHPZLWK WKHSHUVSHFWLYH WKDW WKHEHVW IHDWXUHVRI
HDFKFRQWUROW\SHFDQEHLQWHJUDWHGWRIRUPDVROXWLRQWKDWLVWUXO\DGDSWLYHRQPXOWLSOHWLPHVFDOHV

0HWKRGRORJ\
&HQWUDOV\VWHPLQWKHORRSVLPXODWLRQ
,Q WKLV SDSHU ZH VHHN WR GHILQH WKH WUDIILF FRQWURO SUREOHP LQ WKH FRQWH[W RI WUDGLWLRQDO FRQWURO
DUFKLWHFWXUHV$VLPXODWLRQIUDPHZRUNZDVXVHGWRHYDOXDWHDOWHUQDWLYHFRQWUROVWUDWHJLHVH[HFXWHGIURP
FRPPHUFLDO WUDIILF PDQDJHPHQW VRIWZDUH +DUGZDUHLQWKHORRS VLPXODWLRQ KDV EHHQ XVHG IRU VLPLODU
HYDOXDWLRQV E\ FRQQHFWLQJ UHDO FRQWUROOHU KDUGZDUH WR VLPXODWHG YHKLFOH GHWHFWRU RXWSXWV %XOORFN DQG
&DWDUHOOD%XOORFNHWDO IRU VHYHUDO\HDUV+RZHYHU WKLV UHTXLUHVFRQVLGHUDEOHRYHUKHDG WR
FRRUGLQDWH D ODUJH QXPEHU RI SK\VLFDO GHYLFHV SDUWLFXODUO\ IRU ODUJH QHWZRUNV 6RIWZDUHLQWKHORRS
VLPXODWLRQVROYHVWKLVSUREOHPE\HPXODWLQJWKHKDUGZDUHDV³YLUWXDOFRQWUROOHUV´9&V$OLPLWDWLRQRI
VRIWZDUHLQWKHORRSVLPXODWLRQKDVEHHQWKHODFNRILQSXWRXWSXWFDSDELOLWLHVLQ9&VWKDWZRXOGHQDEOH
IRUH[DPSOHWKHXVHRIH[WHUQDOFRQWURODOJRULWKPV+RZHYHUWKLVIXQFWLRQDOLW\FDQEHDGGHGWRWKH9&V
E\DOORZLQJ WKHPWR LQGLYLGXDOO\SDVVFRPPXQLFDWLRQVZLWK7&3,3:LWK WKH LQFRUSRUDWLRQRI LQWHUQHW
EDVHGFRPPXQLFDWLRQVLQWRDODUJHQXPEHURI9&VH[HFXWLQJLQSDUDOOHOLWLVSRVVLEOHWRH[HFXWHDIXOO
VFDOH WHVW RI FRPPHUFLDO JUDGH FRQWURO VRIWZDUH ZLWKRXW VHWWLQJ XS ODUJH DPRXQWV RI KDUGZDUH RQ WKH
EHQFK:HFDOOWKLVVHWXS³FHQWUDOV\VWHPLQWKHORRSVLPXODWLRQ´

)LJ  VKRZV DQ LOOXVWUDWLRQ RI FHQWUDOV\VWHPLQWKH ORRS VLPXODWLRQ HQYLURQPHQW ZLWK YLUWXDO
FRQWUROOHUV  7KH WUDIILF VLPXODWLRQ DQG WKH 9&V UXQ DV LQGHSHQGHQW H[HFXWDEOH SURFHVVHV RQ D VLQJOH
FRPSXWHU'HWHFWLRQDQGFRQWUROLQIRUPDWLRQSDVVHVEHWZHHQWKHVLPXODWLRQDQGWKH9&VWKURXJKOLEUDU\
IXQFWLRQVWKDWDUHFDOOHGRQHDFKVLPXODWLRQWLPHVWHS$WWKHVDPHWLPHWKH9&H[HFXWDEOHVDUHDEOHWR
FRPPXQLFDWH WKRXJK LQWHUQHW FRQQHFWLRQV WR H[WHUQDO GHYLFHV 7KH 9&V ZHUH WKHQ FRPPDQGHG E\
VWUDWHJLFDQGWDFWLFDODOJRULWKPVLPSOHPHQWHGLQFHQWUDOV\VWHPVVRIWZDUHRQDQRWKHUVHUYHU
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
&HQWUDO6\VWHP6HUYHU± 
6WUDWHJLF$OJRULWKP
6LPXODWLRQ+DUGZDUH'HVNWRS3&± 
6LPXODWLRQ(QYLURQPHQW
9LUWXDO&RQWUROOHU

9LUWXDO&RQWUROOHU

7DFWLFDO$OJRULWKP
,3
&RPPXQLFDWLRQV

)LJ&HQWUDO6\VWHPLQWKH/RRSVLPXODWLRQDUFKLWHFWXUH

'HSOR\PHQWRISDUDOOHOFRQWUROSURFHVVHV
,QWKLVVWXG\ZHHYDOXDWHGWZRFRQWUROV\VWHPVRSHUDWLQJRQVWUDWHJLFDQGWDFWLFDOWLPHVFDOHV$WUDIILF
UHVSRQVLYH75DOJRULWKPUHO\LQJRQIHHGIRUZDUGSULQFLSOHV)LJELVXVHGWRFRPPDQGFRRUGLQDWLRQ
SDWWHUQVDW ORFDOLQWHUVHFWLRQVEDVHGXSRQJURVVWUDIILFGHPDQGZKLOHDQDGDSWLYHFRQWUROV\VWHP$&6
XVLQJ IHHGEDFN FRQWURO )LJ F LV XVHG WR UHILQH WKH FRRUGLQDWLRQ VHWWLQJV 7KLV RSHUDWLRQDO VWUDWHJ\ LV
FRPSDUHGDJDLQVWWUDGLWLRQDOWLPHRIGD\72'FRQWURODQGLQGHSHQGHQWRIXVHRI75DQGDQ$&6
(YDOXDWLRQWUDIILFV\VWHPDQGYROXPHGDWD
7KHVLJQDOV\VWHPHYDOXDWHGLQWKLVVWXG\FRQVLVWHGRILQWHUVHFWLRQVLQ0RUJDQWRZQ:HVW9LUJLQLD
$PDSRI WKH V\VWHP LV VKRZQ LQ)LJ)LHOG WXUQLQJPRYHPHQW FRXQWVDQG WXEHFRXQWVZHUHXVHG WR
GHYHORSYROXPH VFHQDULRV IRU D W\SLFDOZHHNGD\ DQG D VSHFLDO HYHQW VFHQDULR IRU D XQLYHUVLW\ IRRWEDOO
JDPH7KUHHWLPLQJSODQVZHUHRSWLPL]HGIRUFRQWUROGXULQJWKHZHHNGD\$0DQG30SHDNYROXPHVDV
ZHOO DV DQ RIISHDN WLPLQJ SODQ IRU ORZHU YROXPH FRQGLWLRQV $ VSHFLDO HYHQW WLPLQJ SODQ IRU
RYHUVDWXUDWHGFRQGLWLRQVZDVFUHDWHGWRKDQGOHWKHJDPHGD\YROXPHVFHQDULR(DFKYROXPHVFHQDULRZDV
GHILQHGIRUDKRXUDQDO\VLVSHULRGVSDQQLQJ²

7LPHRIGD\ 72' FRQWURO ZDV FRPSDUHG VHSDUDWHO\ DJDLQVW XVH RI WZR H[WHUQDO DOJRULWKPV ERWK
LQGHSHQGHQWO\DQGFRQFXUUHQWO\75FRQWUROZDVXVHGWRVHOHFWORFDOFRQWUROOHUSDWWHUQVRQD³VWUDWHJLF´
WLPHVFDOHZKLOHDGDSWLYHVSOLWDQGRIIVHWFRQWUROZDVXVHGWRUHILQHWKHVHOHFWHGSDWWHUQVRQD³WDFWLFDO´
WLPH VFDOH  &RQYHQWLRQDO DFWXDWHGFRRUGLQDWHG FRQWURO ZDV XVHG DW WKH ORFDO FRQWUROOHUV  7KLV SDSHU
SUHVHQWVUHVXOWVIURPWKHJDPHGD\YROXPHVFHQDULR)RU72'FRQWUROWKHVSHFLDOHYHQWWLPLQJSODQZDV
RSHUDWHGIURP²UHIOHFWLQJWKDWLWZDVQRWNQRZQZKHQYROXPHVZHUHOLNHO\WRSHDNDQGWKDW
HQJLQHHULQJVWDIIZRXOGQRWEHDYDLODEOHWRPDQXDOO\FKDQJHWKHSDWWHUQVGXULQJDQDFWXDOJDPHGD\

3457 Christopher M. Day et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3451 – 3460 




 


  








:HVW 9LUJLQLD8QLYHUVLW\:98
6XQFUHVW
7RZQ&HQWUH
:98'DLU\)DUP
$LUSRUW
8QLYHUVLW\
7RZQ&HQWHU
:98
6WDGLXP
'RZQWRZQ
0RUJDQWRZQ


 









)LJ0DSRIWKHHYDOXDWLRQV\VWHP

7KH 75 DOJRULWKP ZDV DOORZHG WR VHOHFW IURP DOO RI WKH SURJUDPPHG WLPLQJ SODQV EDVHG XSRQ WKH
GHPDQG OHYHO PHDVXUHG E\ IORZ GHWHFWRUV ORFDWHG DW SRLQWV WKURXJKRXW WKH V\VWHP 7KH VSHFLDO HYHQW
SDWWHUQZDVXVHGIRUWKHKLJKHVWYROXPHOHYHO$WLQWHUPHGLDWHYROXPHOHYHOVWKHZHHNGD\SDWWHUQVZHUH
VHOHFWHG$W WKH ORZHVW OHYHO FRQWUROOHUV GURSSHGFRRUGLQDWLRQ DQGRSHUDWHG LQ IXOO\ DFWXDWHGPRGH ,Q
SDUDOOHOWR75WKH$&6LQFUHPHQWDOO\UHILQHGWKHLQGLYLGXDOSDWWHUQVRIIVHWVDQGVSOLWV

,Q WKH FRQWH[W RI WKH DGDSWLYH FRQWURO WD[RQRP\ GLVFXVVHG HDUOLHU WKH 75 DOJRULWKP UHSUHVHQWV D
VWUDWHJLFGHFLVLRQEDVHGRQIHHGIRUZDUG)LJE LQIRUPDWLRQIORZZKLOH WKH$&6UHSUHVHQWVD WDFWLFDO
GHFLVLRQEDVHGRQIHHGEDFN)LJFFRQWURO7RJHWKHUWKHWZRDOJRULWKPVHVWDEOLVKSDUDOOHOVWUDWHJLFDQG
WDFWLFDOGHFLVLRQPDNLQJSURFHVVHVWKDWHPSOR\DIHHGIRUZDUGIHHGEDFNFRQWUROVWUXFWXUH)LJG
5HVXOWV
,PSDFWRQWRWDOV\VWHPGHOD\
)LJVKRZVDSORWRIWKHWRWDOV\VWHPGHOD\IRUHDFKPLQXWHVGXULQJWKHDQDO\VLVSHULRGIRUHDFKRI
WKHIRXUFRQWUROVWUDWHJLHVWHVWHG72'FRQWURODQG75FRQWUROHDFKZLWKDQGZLWKRXW$&6LQRSHUDWLRQ
7KLVSORWLOOXVWUDWHVKRZWKHV\VWHPGHOD\FKDQJHVE\GLIIHUHQWWLPHVRIGD\XQGHUWKHIRXUVWUDWHJLHV7ZR
SHDNV LQGHOD\FRUUHVSRQGLQJ WR WZRYROXPHSHDNV LQ WKHJDPHGD\YROXPHVFHQDULRDUHYLVLEOH ILUVWD
UDWKHU VSUHDGRXWSHDNDURXQG WKHQD VKDUSHUSHDNDW7KH IRXUFXUYHV WHQG WR IROORZ WZR
FRPPRQSDWKVGHSHQGLQJRQZKHWKHU72'RU75ZDVXVHG 75UHGXFHVGHOD\VXEVWDQWLDOO\GXULQJWKH
RIISHDNWLPHV7KHDPRXQWRIGHOD\GXULQJHDFKSHDNLVDERXWWKHVDPH

7KHLPSDFWRI$&6LVVXEWOHU'XULQJWKHRIISHDNWLPHVWKHUHLVOLWWOHWRQRLPSDFWIURPXVLQJ$&6
ZKLOHGXULQJWKHSHDNV$&6GRHVDSSHDUWRKDYHDVOLJKWLPSDFWZKLFKYDULHVDFFRUGLQJWRZKHWKHU72'
RU75LVXVHG8QGHU72'FRQWURO$&6VOLJKWO\UHGXFHGGHOD\LQWKH$0SHDNZKLOHLQFUHDVLQJLWLQWKH
303HDNDQGOLWWOHWRQRGLIIHUHQFHGXULQJWKHRIISHDNV:LWK75$&6OHGWRYHU\VOLJKWUHGXFWLRQVLQ
GHOD\WKURXJKRXWWKHGD\ZLWKDVXEVWDQWLDOGHFUHDVHDURXQG

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
)LJ+RXUO\V\VWHPGHOD\E\WLPHRIGD\
 
 
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
)LJ7RWDOV\VWHPGHOD\LQFXUUHGZLWKIRXUDOWHUQDWLYHFRQWUROVFKHPHV
2YHUDOOUHVXOWVIURPHDFKFRQWUROVWUDWHJ\DUHLOOXVWUDWHGLQ)LJ7KHVHQXPEHUVODUJHO\UHIOHFWWKH
WUHQGVVHHQRYHUWKHWLPHRIGD\,PSOHPHQWDWLRQRI75UHGXFHVGHOD\E\DSSUR[LPDWHO\YHKK
UHGXFWLRQFRPSDUHGWR72'ZKLOHXVLQJ$&6LQDGGLWLRQWR75OHDGVWRDQDGGLWLRQDOUHGXFWLRQRI
YHKKUHGXFWLRQRYHUDOO8VLQJ$&6ZLWKRXW75OHDGVWRDQHWLQFUHDVHRIYHKKRIGHOD\
LQFUHDVH

75LVDEOHWRLPSOHPHQWPRUHDSSURSULDWHSDWWHUQVZLWKVKRUWHUF\FOHOHQJWKVGXULQJWKHRIISHDNWLPHV
RIGD\ZKLOH72'FRQWUROVWD\VZLWKWKHVSHFLDOHYHQWSODQIRUWKHHQWLUHDQDO\VLVSHULRG7KLVOHDGVWR
WKHRYHUDOOUHGXFWLRQLQGHOD\IURPPRYLQJIURP72'WR75'XULQJWKHSHDNVZKHQERWK72'DQG75
RSHUDWHWKHVDPHWLPLQJSODQWKHGHOD\LVDERXWWKHVDPH,QWHUHVWLQJO\75DSSHDUVWRGHOD\WKHRQVHWRI
WKHSHDNYROXPHVVOLJKWO\VXJJHVWLQJWKDWWKHVKRXOGHUSHULRGVRIWKHSHDNVDUHSUREDEO\EHWWHUKDQGOHG
E\WKHZHHNGD\WLPLQJSODQVWKDQWKHJDPHGD\WLPLQJSODQ

7KHUHLVDOPRVWQRGLIIHUHQFHLQRSHUDWLRQVZKHQ$&6LVXVHGZLWK72'FRQWURO7KLVLVEHFDXVHGHOD\
LVGRPLQDWHGE\WKHXVHRIDORQJF\FOHOHQJWKIRUWKHVSHFLDOHYHQW72'SODQZLWKOHVVLPSDFWIURPF\FOH
IDLOXUHVFDXVHGE\XQEDODQFHGJUHHQWLPHGLVWULEXWLRQVRURIIVHWDGMXVWPHQWV:KHQ75LVXVHGLQVWHDGRI
72'FRQWURORWKHUSDWWHUQVHQGXSEHLQJXVHGZKHUHWKH$&6FDQPDNHPRUHRIDQLPSDFW+RZHYHU
WKHUHGXFWLRQLQGHOD\LVVWLOOVPDOOFRPSDUHGWRWKHXVHRI75
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,OOXVWUDWLRQRIFRQWUROFRQFHSWV
0RVW DGDSWLYH V\VWHPV 6WHYDQRYLF  DUH GHILQHG LQ WHUPV WKDW HDVLO\ PDS LQWR WKH 87&6
JHQHUDWLRQV7DEOHEXWZKLFKPDNHLWGLIILFXOWWRPDNHFRPSDULVRQVEHWZHHQV\VWHPV7KHLPSDFWRI
WKHXVHRIWKHV\VWHPVFDQEHTXDQWLILHGE\FKDQJHVLQGHOD\EXWWKLVGRHVQRWJLYHPXFKLQVLJKWLQWRKRZ
WKHV\VWHPVDFKLHYHWKRVHUHGXFWLRQVE\LQIOXHQFLQJWKHFRQWURO

,Q WKLV VWXG\ WKH GHOD\ UHGXFWLRQ IURP RSHUDWLQJ WZR DOJRULWKPV LQ SDUDOOHO DW GLIIHUHQW OHYHOV ZDV
IRXQG WR EH JUHDWHU WKDQ HLWKHU RQH LQGHSHQGHQWO\ 7KH EXON RI WKH EHQHILW LQ WKLV FDVH FDPH IURP D
SUHGLFWLYH IHHGIRUZDUG W\SH RI FRQWURO 75 WKDW ZDV DEOH WR VHOHFW SDWWHUQV WR DQWLFLSDWH JURZLQJ RU
VKULQNLQJWUDIILFGHPDQGV5HILQHPHQWRIWKRVHSDWWHUQVZLWKDUHDFWLYHIHHGEDFNW\SHRIFRQWURO$&6
OHG WR LQFUHPHQWDO LPSURYHPHQWV WKDW ZHUH VPDOOHU LQ PDJQLWXGH &RPELQLQJ IHHGEDFN FRQWURO ZLWK
VXERSWLPDO VHOHFWLRQ RI WKH GRPLQDQW SDWWHUQV 72' FRQWURO PDGH SHUIRUPDQFH VOLJKWO\ ZRUVH
&RPELQLQJ IHHGIRUZDUGDQG IHHGEDFNFRQWURODOORZV IRUSUHGLFWLYHDGMXVWPHQWRIFRQWUROSDUDPHWHUV LQ
DGGLWLRQWRUHDFWLYHWXQLQJRIWKRVHSDUDPHWHUVLQUHVSRQVHWRWKHLULPSDFWRQWKHV\VWHP

,Q WKLV FDVH WKH FRPSDULVRQ LV FRQFHSWXDOO\ UDWKHU VLPSOH EHFDXVH RXU SDUDPHWHUV FRQVLVW RI WKH
WUDGLWLRQDOF\FOHRIIVHWDQGVSOLWVRIDFWXDWHGFRRUGLQDWHGRSHUDWLRQVDQGWKHWZRV\VWHPVODUJHO\RSHUDWH
RQLQGHSHQGHQWVXEVHWVRIWKHSDUDPHWHUVSDFHZLWKWKHH[FHSWLRQRI75VHOHFWLQJWKHRULJLQDORIIVHWVDQG
VSOLWV WKDWDUH VXEVHTXHQWO\DGMXVWHGE\$&6+RZHYHU LWSURYLGHVD VLPSOH LOOXVWUDWLRQRI WKHFRQWURO
FRQFHSWV 0RUH FRPSOH[ FRQWURO V\VWHPV ZKRVH IXQFWLRQDOLWLHV DUH KLJKO\ LQWHUUHODWHG ZLOO EH PRUH
FKDOOHQJLQJ WRSLQSRLQW WKH UHDVRQV IRU VXFFHVVRU IDLOXUH0DSSLQJ WKRVHSURFHVVHV LQWR WKH FRQWH[W RI
FRQWUROWKHRU\SURYLGHVDYRFDEXODU\WRGHVFULEHWKHEHKDYLRURIDOWHUQDWLYHV\VWHPVDVZHOODVWRH[SODLQ
WKHLUDGYDQWDJHVDQGGLVDGYDQWDJHV
&RQFOXVLRQ
7KLVSDSHUGLVFXVVHGWKHXVHRIFRQWUROWKHRU\FRQFHSWV)LJWRVHUYHDVDYRFDEXODU\IRUPDNLQJ
FRPSDULVRQ EHWZHHQ DGDSWLYH FRQWURO V\VWHPV ZKLFK FDQ RSHUDWH LQ SDUDOOHO GHFLVLRQ WLPH VFDOHV DQG
SDUDPHWHU VSDFHV 7DEOH  $Q H[DPSOH VFHQDULR ZDV SUHVHQWHG LQ ZKLFK WZR FRPPHUFLDO WUDIILF
PDQDJHPHQW V\VWHPV WUDIILF UHVSRQVLYH 75 FRQWURO DQG DQ DGDSWLYH FRQWURO V\VWHP $&6 ZHUH
RSHUDWHGERWK LQGLYLGXDOO\ DQG FRQFXUUHQWO\ LQ D VLPXODWHGLQWHUVHFWLRQ WUDIILF QHWZRUN IRU D VSHFLDO
HYHQWYROXPHVFHQDULR$PHWKRGRORJ\IRUVLPXODWLQJPRGHUDWHWRODUJHVFDOHQHWZRUNVFHQWUDOV\VWHP
LQWKHORRSVLPXODWLRQZDVHPSOR\HGWRFKDUDFWHUL]HWKHSHUIRUPDQFHRIWKHFRQWUROVWUDWHJLHV

7KHVWXG\ILQGVWKDWWKHXVHRIERWK75DQG$&6WRJHWKHUOHDGVWRDGHOD\UHGXFWLRQJUHDWHUWKDQWKH
XVHRIHLWKHUV\VWHPRQ LWVRZQFRPSDUHG WR WLPHRIGD\72'FRQWURO7KHSRVLWLYH LPSDFWRI75LV
VXEVWDQWLDO)LJEHFDXVHLWLQWURGXFHVLQWHOOLJHQWSDWWHUQVHOHFWLRQWKDW72'LVQRWDEOHWRSURYLGHIRUD
VSHFLDO HYHQW VFHQDULR LQZKLFK WKH WUDIILFGHPDQGVDUHXQNQRZQDSULRUL 7KHSUHGLFWLYH IHHGIRUZDUG
IXQFWLRQRI75)LJELVIRXQGWREHEHQHILFLDO$&6SURYLGHVLQFUHPHQWDOLPSURYHPHQWVZKHQ75LV
XVHGZKLOHVOLJKWO\LQFUHDVLQJGHOD\ZLWK72')LJ7KHUHDFWLYHIHHGEDFNFRQWURO)LJFRI$&6LV
IRXQGWRKDYHDQRYHUDOOVXEWOHLPSDFW+RZHYHUFRPELQLQJERWKIHHGIRUZDUG75DQGIHHGEDFN$&6
FRQWURO)LJGLVIRXQGWRUHVXOWLQEHWWHUSHUIRUPDQFHWKDQHLWKHUW\SHRIFRQWUROLQGHSHQGHQWO\
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$FNQRZOHGJHPHQWV
7KH WUDIILF UHVSRQVLYH V\VWHP XVHG LQ WKLV VWXG\ZDV LPSOHPHQWHG LQ WKH &HQWUDFV VRIWZDUH V\VWHP
GHYHORSHG E\ (FRQROLWH &RQWURO 3URGXFWV ,QF 7KH DGDSWLYH FRQWURO DOJRULWKP WHVWHG ZDV D &HQWUDFV
LPSOHPHQWDWLRQRI$&6/LWH/X\DQGDHWDO
7KLVZRUNZDVVXSSRUWHGE\ WKH:HVW9LUJLQLD'HSDUWPHQWRI7UDQVSRUWDWLRQ'LYLVLRQRI+LJKZD\V
DQGWKH1LFN-5DKDOO,,$SSDODFKLDQ7UDQVSRUWDWLRQ,QVWLWXWHDW0DUVKDOO8QLYHUVLW\7KHFRQWHQWVRIWKLV
SDSHU UHIOHFW WKH YLHZV RI WKH DXWKRUV ZKR DUH UHVSRQVLEOH IRU WKH IDFWV DQG WKH DFFXUDF\ RI WKH GDWD
SUHVHQWHG KHUHLQ DQG GR QRW QHFHVVDULO\ UHIOHFW WKH RIILFLDO YLHZV RU SROLFLHV RI WKH VSRQVRULQJ
RUJDQL]DWLRQV7KHVHFRQWHQWVGRQRWFRQVWLWXWHDVWDQGDUGVSHFLILFDWLRQRUUHJXODWLRQ
5HIHUHQFHV
%XOORFN'DQG+HQGULFNVRQ&$GYDQFHGVRIWZDUHGHVLJQDQGVWDQGDUGVIRUWUDIILFVLJQDOFRQWURO-RXUQDORI
7UDQVSRUWDWLRQ(QJLQHHULQJ

%XOORFN'DQG+HQGULFNVRQ&5RDGZD\WUDIILFFRQWUROVRIWZDUH,(((7UDQVDFWLRQVRQ&RQWURO6\VWHPV7HFKQRORJ\


%XOORFN'DQG&DWDUHOOD$$UHDOWLPHVLPXODWLRQHQYLURQPHQWIRUHYDOXDWLQJWUDIILFVLJQDOV\VWHPV7UDQVSRUWDWLRQ
5HVHDUFK5HFRUG1R:DVKLQJWRQ'&7UDQVSRUWDWLRQ5HVHDUFK%RDUG

%XOORFN'-RKQVRQ%:HOOV5.\WH0DQG/L=+DUGZDUHLQWKHORRSVLPXODWLRQ7UDQVSRUWDWLRQ5HVHDUFK3DUW&


'D\&0DQG%XOORFN'0$UWHULDOSHUIRUPDQFHPHDVXUHVYROXPHSHUIRUPDQFHEDVHGPDQDJHPHQWRIDUWHULDOWUDIILF
VLJQDOV\VWHPV)LQDOUHSRUW1&+53$:DVKLQJWRQ'&7UDQVSRUWDWLRQ5HVHDUFK%RDUGLQSUHVV

*RUGRQ5/DQG7LJKH:7UDIILFFRQWUROV\VWHPVKDQGERRN5HSRUW1R)+:$+23:DVKLQJWRQ'&)HGHUDO
+LJKZD\$GPLQLVWUDWLRQ

.XR%$XWRPDWLFFRQWUROV\VWHPVWKHG(QJOHZRRG&OLIIV1HZ-HUVH\3UHQWLFH+DOO

/X\DQGD)*HWWPDQ'6KHOE\6+HDG/%XOORFN'DQG0LUFKDQGDQL3$&6/LWHDOJRULWKPLFDUFKLWHFWXUH
DSSO\LQJDGDSWLYHFRQWUROV\VWHPWHFKQRORJ\WRFORVHGORRSWUDIILFVLJQDOFRQWUROV\VWHPV7UDQVSRUWDWLRQ5HVHDUFK5HFRUG1R
:DVKLQJWRQ'&7UDQVSRUWDWLRQ5HVHDUFK%RDUG

0DF*RZDQ-DQG)XOOHUWRQ,'HYHORSPHQWDQGWHVWLQJRIDGYDQFHGFRQWUROVWUDWHJLHVLQWKHXUEDQWUDIILFFRQWUROV\VWHP
3XEOLF5RDGV

6WHYDQRYLF$$GDSWLYHWUDIILFFRQWUROV\VWHPVGRPHVWLFDQGIRUHLJQVWDWHRISUDFWLFH:DVKLQJWRQ'&7UDQVSRUWDWLRQ
5HVHDUFK%RDUG
